The aim of this study was to examine the enzymic hydrolysis of Okz-casein by isolating and identifyingthe released peptides. The enzymes applied in the study were chymosin, plasmin and trypsin as well as cell free extracts from three strains of Lactobacillus helveticus and nine strains of L. casei.
Introduction aS2-Casein is the most recently discovered casein component of milk, and that is perhaps why it is also the least well known. It constitutes around 10% of the total casein fraction of milk (Davies and Law 1977) . a S2-Casein occurs in different forms depending on the extent of phosphorylation. Its primary structure consists of 207 amino acids in a linear chain, with 10-13 phosphoseryl residues and two cysteinyl residues. a S 2-Casein contains few prolyl residues but numerous lysyl residues. The C terminal of the molecule is hydrophobic and its N terminal is hydrophilic (Brignon et al. 1977) .
The ots2-casein in milk is hydrolysed rapidly by plasmin and the peptides released have been identified (Le Bars and Gribon 1989, Visser et al. 1989) . However, the effect of other proteolytic enzymes on the hydrolysis of a s 2-casein has not been studied.
The aim of this research was to examine the hydrolyses of a S 2-casein by proteolytic enzymes related to cheese ripening, by isolating and identifying the released peptides.
Material and methods

Substrate and enzymes
The «s2-casein was isolated using the method of Vreeman and Van Riel(l99o) . The enzymes used in the study were chymosin (Chr. Hansen, from calf), plasmin (Sigma, bovine plasma) and TPCK trypsin (Sigma). The selection of lactobacilli was based on their differing peptidase and caseinolytic activity (Pahkala and Antila 1987) . The following lactobacilli were included:
Lactobacillus helveticus LHI, LHS and LH7
Lactobacillus casei G 2, S 9, EB, P 3, PB, Al and A5
Lactobacillus casei subsp. rhamnosus Ml and M9.
The bacteria were grown, isolated and disintegrated according to the method used by Pahkala et al. (1986) . After overnight cultivation (200 ml) the cells were centrifuged and washed twice with distilled water. The cells were then suspended in distilled water (25 ml) and autolysed for 48 hours at 42°C. The autolysis suspension was cooled to -20°C, thawed and homogenized in an Ultra-Turrax for 10 min in cold water. The suspension was then centrifuged (20,000 x g, 4°C, 15 min), cell debris were washed with distilled water and finally suspended in 10 ml of distilled water. This suspension was used for the hydrolysis.
Hydrolysis
The enzymes (0.015 -3% in water) were added into 1.5% (w/v) Solvents and gradient were prepared as described by Pahkala et al. (1989a) . Peak detection was at 206 nm and the injection volume was 100 pi. According to the peptide profile obtained in the first run, the fractions were collected manually from a second run.
Identification of peptides in fractions
Amino acid analyses using HPLC After collection, peptide fractions were evaporated on a Waters PICO TAG Work Station and hydrolysed using 6 M HCI (1% phenol) in the gas phase for 24 h at 110°C. Amino acids were analysed as phenylthiocarbamate (PTC) derivatives. Derivatization and HPLC runs were performed according to instructions issued by Millipore Corporation (1987) . The HPLC equipment consisted following components: Waters Model 510 pumps, Waters automatic sample feeder (Wisp Model 710), Pharmacia LKB VWM 2141 spectrophotometer, and data processing equipment Nec APV IV (program Baseline 810). The column was PICO-TAG (3.9 mm x 15 cm) and its temperature was held at 40°C (Waters Column Heater/Temperature Control Module).
Sequence analysis N terminal amino acid sequence analysis from some of the peptides was performed using a manual method (Tarr 1986) .
Results
Hydrolysis by proteolytic enzymes
The peptide profiles obtained from chymosin hydrolysates of ots2-casein are shown in Figure 1 . The results show that the proteolytic activity of chy-mosin on cts2-casein was weak. At the enzyme/substrate ratio 1:50,no substantial amounts of peptides were released even after incubation for 24 hours (Figure 1) .
In order to study the possibility that the peptides produced might precipitate on addition of TFA, the reaction was stopped by rapidly freezing the samples. Hydrophobic peptides were observed in the chromatogram, but it was not possible to identify them by the applied methods. These peptides were detectableafter hydrolysis for 2 hours.
The hydrolysis of ot S2-casein by plasmin under the given conditions released numerous peptides (Figure 2 ). The majority of the peptides were released from the C terminal end of the protein. Only one peptide from the N terminal end (a S 2-CN was identified. The peptides released after 2 and 4 hour were approximately the same, and their concentration increased with continued incubation. Figure 3 shows that several bonds in ot S2-casein were hydrolysed by trypsin. Peptides were released almost all along the length of the amino acid chain. Altogether, 17 cleaved sites were identified. The N terminal amino acid sequence was determinedfrom the fragments No 5,9, 10, 13 and 14.
Hydrolysis by lactobacilli-proteases
The proteolytic effect of lactobacilli, namely L.
helveticus LHS, L. casei E 8 and L. casei subsp.
rhamnosus Ml, on ot S2-casein is presented in Figure 4 . It can be seen that these lactobacilli had limited ability to hydrolyse this protein. The hydrolysis ofot s 2-casein effected by the otherLactobacil-/«.v-strains was closely similar to that shown in Figure 4 . 167-173; 3. 166-173; 4.71-80; 5. 1-24; 6. 150-165; 7. 151-165; 8. 115-150; 9. 115149; 10. 174-181; 11. 198-207; 12. 153-170+ 182-197; 13. 153-207.
Discussion
Chymosin was found to have weak proteolytic activity on ot s2-casein. Under the conditions used and with a relatively high proportion of enzyme (E;S = 1:50), peptides were precipitated when TFA was added. It may be presumed that the peptides released were long and hydrophobic. Unhydrolysed casein and high molecular weight peptides are known to precipitate at pH 4.6. Precipitation of peptides by trichloroacetic acid (TCA) is influenced by hydrophobicity, in particular, and also to a certain extent by length (Yvon et al. 1989 ). The addition ofTFA (1.1%) reduces the pH below 4.6, causing the large peptides to precipitate. The hydrophobicity of peptides may also affect their solubility on addition of TFA.
In previous studies, the proteolytic activity of chymosin on 6-casein was found to be weak. In the case of 6-casein, peptides are released primarily from its hydrophobic C terminal region (VISSER Plasmin readily hydrolyses <xs2-and 6-caseins (Snoeren and Van Riel 1979) . The sensitivity of (Xs2-casein to plasmin is most likely due to the relatively high lysine concentration in its sequence, which meets the primary specificity requirements of the enzyme. At least 14 peptide bonds were 171-173; 2. 167-170; 3. 166-170; 4. 42-45; 5. 182-188; 6. 167-173; 7. 205-207; 8. 192-197; 9. 198205; 10. 1-24; 11. 138-149; 12. 153-165; 13. 115-150; 14. 115-149; 15. 171-181; 16. 174-181 . hydrolysed, 12 of which were Lys-X bonds and 2 were Arg-X. This result supports previous data concerning the specificity of plasmin, since plasmin has been found to favor Lys-X but it is also capable of hydrolysing Arg-X bonds slowly (WEINSTEIN and Doolittle 1972) . The cleaved sites identified in this study are consistent with the findings of previous studies (Le Bars and Gripon . Previous research failed to show the formation of peptides from the segment 25-114, and it was presumed that these peptides were together with some intact a S 2-casein (Visser et al. 1989 ).In the present study, however, fragment 71-80, was found (Figure 2 , peak No. 4). The fragment was clearly detectable only after hydrolysis for 24 hours which indicates that the release of peptides from the central part of the protein requires a relatively long hydrolysis time.
Trypsin hydrolysed mainly bonds on the carboxyl side of arginine and lysine residues. This is consistent with the previous findings concerning the specificity oftrypsin (Adler-Nissen 1986) .On the hasis of the 16 hydrolysis products that were characterized from the trypsin hydrolysates, it was established that 19 of the 30 trypsin-sensitive bonds of a S 2-casein were hydrolysed. Under the conditions of this study, the activity oftrypsin hydrolysed at the N and C terminals. Peptides in the sequence 25-41, which contains the cysteine residues of the protein, were not identified.
Previous findings have shown differences in the proteolytic activity of lactobacilli (Pahkala et al. 1986 ), but none was observed in this research. Other studies have reported weak proteolytic activity of lactobacilli on ttst-and 6-caseins. L. Helvetians strains were shown to be more proteolytic on otsi-and 6-caseins than L. casei strains (Pahkala et al. 1989 a, b) . However, the findings of the present study indicated no differences in activity between the lactobacilli, and not even the L. Helvetians strains differed from other Lactobacillusstrains in terms of stronger and more extensive proteolysis.
The amino acid sequence of fragment 174-181, isolated from the plasmin and trypsin hydrolysates, corresponds to that of the bitter peptide isolated by Matoba et al. (1970) from the trypsin hydrolysates of total casein. This means that bitter peptides can also be formed from as 2-casein. The identified N terminal peptide fragment (a s 2CN 1-24), which contains a cluster of 4 phosphoserine residues, could be of special interest for studies of its functional properties. Although the concentrations of substrate and enzymes used in this study differed from the circumstances in milk, it may be assumed that at least some of the detected hydrolysis products are constituents of the very heterogeneous proteosepeptone fraction of milk (Andrews 1983 
